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FARADAY CUP MEASUREMENTS OF THE PLASMA PLUME
PRODUCED AT AN X-RAY CONVERTER *

T. Houck, M. Garcia, and S. Sampayan
Lawrence Livermore National Laboratory, Livermore, California 94550 USA

ABSTRACT An on-going experimental program at LLNL is

The next generation of radiographic machiresed studying the interaction of an electron beam with the x-
on induction accelerators is expected ¢nerate fay converter [2]. The goal is to quantllfy the _effects of
multiple, small diametex-ray spots of high intensity. th€ plasma plume generated at the interaction on the
Experiments to study the interaction of tedectron iNitial and subsequent beam pulses, and to develop an
beam with the x-ray converter are being performed &PPropriate x-ray converter configuration. Below we
the Lawrence Livermore National LaboratofyLNL) F€Port on measurements from faraday cups incorporated
using the 6-MeV, 2-kAExperimental TestAccelerator INto the experimental setup to characterize phesma
(ETA) electron beam. The physics issues goeatest plume and determine the existence bafckstreaming
concern can be separated into two categories. TH#@Etions.
multiple pulse issue involves the interaction of
subsequent beam pulses with the expanditasma 2 EXPERIMENTAL LAYOUT
plume generated by earlier pulses striking theay The faraday cups were comprised of two,
converter. The plume expands at sevemillimeters gjectrically isolated, concentric cylinders as illustrated
per microsecond and defines the minimum transvergerig. 1. The inner cylinder could be biased up to 1.2
spacing of the pulses. The single pulse issue is Mg with respect to the grounded outer cylinder. Two
subtle and involves the extraction of light ions by thgeometries were used. The forward cup (refer to Fig. 2)
head of the beam pulse. These light iomdght pag an OD of 5 cm and an aperture of 1.9 cm while the
propagate at velocities of several millimeters pegack cup had an OD df.3 cm and an aperture of 0.4
nanosecond through the body of the incomipglse ¢y The low ratio of aperture to cup length was to
re_sultmg in a movmg_focus prior to the converter. Ipinimize the escape of secondary electrgeserated
this paper we describe Faraday cuapeasurements py the impact of the positive ions with the inner
performed to quantify the plasma plume expansion apdjinder. The forward cup wasocated about 25 cm

velocities of light ions. from the beam/target intersection at an angle of 30°
from the beam axis. The back cup was located about 5
1INTRODUCTION cm from theintersection point and 75tom the beam

Radiographic machines based on inductio@Xis. As shown in Fig. 2, the cups were situated at the
accelerators produce an intenseay spot by focusing entrance and exit, respectively, of a solenoid operating
a short pulse of high current electrons onto a high With an on-axis peak field of approximately 3 kG.
material. Nominal parameterfor the electronbeam _ The inner cup discharged to ground through the50
could be 50-100 ns pulse widtseveral kiloamperes, input of an oscilloscope, permitting the rate ajfarge
and 10-20 MeV. Producing a small and staflenstant interception (current) to be measured. T$ensitivity
diameter and position)x-ray spot is essential for Of the cups to ion density, assuming singlaization,
radiographic imagining. The electron beam quality hd%
been considered the limitation on the quality of the x- | i

; Nmin = —% , where (1)
ray spot. Forexample, the emittance of thbeam min = ey

determines the smallest focus spot, and energy s the minimum density,, is the minimum

variation ~ combined  with  transport  foCuSiNGyetectable currend is the aperture area, andis the

misalignments  produces beam motion. ~ Continuing, e|ocity. For theforward andback cups, andor a
advancements in induction accelerator technology hasminalv of 5 mm/us,n,; is 2x16 cm? (I, was 40
1 imin min

improved beam quality to a level where timeraction |\ Ay and 5x18° cm® (1. was 480 uA). respectivel
of the beam with the converter may be thmitation HA) (i HA), resp Y

for the next generation of radiographic machines. Two SMA Feedthrough insulating support
areas of concern are the emission of light ionsthal
can “backstream”through the beam due tospace
charge potential, and interference between bieam
and the plasma generated by previous puldesng
multiple pulse operation.

"The work was performed under the auspices of the U.S.
Department of Energy by LLNL under contract W-7405-

ENG-48. Figure 1: Schematic of the Faraday cup.



shape as the beam current monitors installed on the
_ beam line. The small positive signal betwe2s0-300
ns was caused by cable reflections. Thewvard cup
produced a similar signal, but a factor of 10 to 20
smaller in amplitude.
Estimatesfor the energy and density afxtracted
ions from thetarget are > 250 keV and #@&m? near
the x-ray converter [3,4]. For protons, this equates to a
5an velocity of 7 mm/ns and currents 80-100 mA at the
Beam (2 kA, 5.5 MeV) | faraday cups. However, the signals would arrive within
I

v 50 ns of electron beam passage. Numerous comparisons
Graphite Safety Collimator were made of signals at the cups with and without the
Forward Faraday Gu

Beam Line Pipe

x-ray converterinstalled to discern such a signal with
no success.

3 .2Plume Velocity

Typical signalsfrom the back andforward cups are
displayed in Fig. 4. The back cup tended to have a
single peak although the signal to noise ratiould
have masked some features. Tfeeward cup signal
Figure 2.Schematicshowing relative positions of the normally exhibited two peaks with the amplitude of the
faraday cups with respect to the beam line and targetfirst peak varying from about 10% to over 130%tlvat

The x-ray converter was comprised of a rotatingf the second peak.
wheel that held several “targets” to permmtultiple 15

shots before the x-ray converter had to be replaced. The =2 f = " " | ! ! E
majority of data was taken for tantalum targetshoge 12 £ () CUP8211.101
thicknesses; 1 mm).25mm, and0.1 mm. Inaddition, < i E
1 mm thick stainless steel an@.25 mm tungsten £ 09 { E
targets were used. % 0.6 7 f

3MEASUREMENTS 303} -

The faraday cup measurement consisted of th

e
current (voltage) measured at thenput (50 Q 0
termination) of an oscilloscope. Sekig. 3 and 4. -0.3
Information that could be estimated from the 0 20 40 60 80 100
measurementswith qualifications, includedvelocity, Time (ps)
density, and beam radius. A third faraday cup was gg —— R
located approximately 50 cm upstream of the converter - b 1
and recessed to avoid exposure to the plasma plume. 40 - (b) CUP8211.207
This cup was directed at the beam line and served as<a F B
background reference for the other cups. E 30 A
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r ] Figure 4. Typical output signals from tifa) back and
08 8194.107 (b) forward faraday cupsBeam interaction with the
_1%mmumummuHmmmumm? converter (1 mm thick Ta) occurred at time 0.

0 50 100 150 200 250 300 350 400 An estimate of the velocity can be made by
Time (ns) assuming that the plasma wagected promptly at
Figure 3. Typical output from the forward faraday cup. beam time and quickly reached terminal velocityith
) these assumptions the velocity would be simply the
3.1 Prompt Signals (< 1 ps) distance to the respective cup divided by arritiaie
A large signal was generated by the faradayps at the cup after beam passage. The velocity can be
during beam passage. A typical signfitbm the back related to spot size assuming a self-simiiagntropic
cup is shown in Fig. 3 and displays tlsame pulse expansion of a spherical gas cloud:



120 where (2) No evidence was found for fast, backstreamihght
, . . p ions. However, the plasma plume wiasind to expand
E is the energy deposited into a masdy thebeam, 5 3.4 mm/ps (peak density) with a leadingdge

dE/dzis the rate of energy deposition along the akis, ye|ocity of 7-8 mm/us inagreement withtheoretical
is the radius of the beam spot, apdis the mass odels.

density. While approximate, eq. (#)dicates that the
velocity should vary inversely with spot size and be 10
insensitive to target thickness. In Fig. 5, the velocity offn\
the leading edge of the plasma plume at thevard =
cup (25 cm/ time of arrival) is plotted as a function ofE
x-ray spot size for two thicknesses of Ta targets. The
ray spot sizesshown forthe 1 mm targets were
measured using the roll bar technique [5] wHie the
0.25 mm targets a higher resolution pin hole camera |
was used. Eq (2) was in generagreement with
measured velocities and spot sizes.

The plume velocity measured at thHerward cup
consistently was faster than measured at the back cup.
For the distances that the cups are locdfi@in the
target, the plasma plume could be expected to
expanding approximately spherically. Thus, th
velocity should not be strongly dependent on thé& 35 T T e
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jgure 5. Velocity of the leading edge of the plume for
E%gtargets of two thicknesses as a function of spot size.
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angular locations of the cups with respect to leam. o r § 1
A second explanation suggested by Fig. 6, a plot of th*g 3 - e —
velocity ratio between the cups as a functiortasfet r ]
thickness, is that the beam diameter expaddsng = 25 — » ° -
transit producing a larger spot size on the back surfac%. C ]
Ratios are shown for the leading edge &mdthe peak o 2 - s % -
signal. | % Le 3 . . < Edge|
3 .3Plasma Density S & e Peak -
Equation (1) can be used to crudely estimate th€ 1 © Ll Ll bl
plasma density. Current in the Faraday cups is the 0.01 01 1 10
combined effect of the collection of ions aatéctrons, Converter Thickness (mm)

and of the ejection of electrons in reaction to iokigure 6. Ratio of the plume velocity at tlierward
impact. Heavy ions like Ta with kinetic energy ofand back faraday cups as a function of target thickness.
several eV are quite likely to eject electrons on

_s;triking metal surfaces. Escape of secon_dalr@'ctrons 5 ACKNOWLEDGMENTS

increases the current signal and collectionplzsma o )

electrons lowers the current signal. Attempts to bias theWe thank Phil Pincosyy-J Chen, Darwin Ho, and
inner cylinder did not produce significant changes teeorge Caporastor their helpful explanations of the
the cup Signa]_ Probab|y of more importance is th[éhySiCS of the interaction. Cliff Holmes constructed the
orientation of the cup with thenagnetic field lines of faraday cups. John Weir and ti€TA crew provided
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such that the magnetic field would tend to preclude the

flow of electrons into or out of the cup. However, the 6 REFERENCES
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